A small volume (1 mL) of GOx solution (20 mg/mL in 0.1 M PBS) was held at the tip of a wire (0.5-mm o.d.) in the form of a droplet and was transferred to the sensing element (cavity) simply by moving it through the droplet (Figure 2A ). The enzyme solution was allowed to dry for 30 min at room temperature while holding the sensor horizontally. To immobilize the enzyme, either the sensor was exposed to the glutaraldehyde vapor generated from 0.5 mL of 25% glutaraldehyde solution placed at the bottom of an enclosed 4-mL glass bottle for 40 min at room temperature or a small volume (1 /iL) of 2% glutaraldehyde solution was transferred to the cavity and was allowed to react with the ad¬ sorbed enzyme for 1 h at room temperature. The sensor was rinsed thoroughly in deionized water and dried in air for 1 h. With some care, the enzyme deposition can be restricted only to the cavity.
INTRODUCTION
Development of a glucose oxidase based glucose sensor for continuous monitoring of physiological glucose levels was first proposed more than 15 years ago (1) . These sensors were incorporated into a macroscopic artificial pancreas and measured diluted blood from an intravenous catheter. Such an arrangement obviously is not practical for ambulatory patient monitoring. Thus, as an alternative, Shichiri proposed the monitoring of glucose in subcutaneous tissue (2) . Sub¬ sequently, numerous other publications (3) (4) (5) (6) (7) (8) (9) (10) (11) have focused on the development of needle-type glucose sensors suitable for subcutaneous monitoring. Several studies (5, (12) (13) (14) have confirmed that under steady-state conditions the apparent subcutaneous glucose levels are identical with those of blood glucose, thus making this site effective. Also, in a recent paper, it has been demonstrated that it is possible to control plasma glucose in diabetic dogs during a glucose load by using a closed-loop insulin delivery system based on subcutaneous glucose measurement (15) . This is in agreement with the demonstrated short lag time between the changes in glucose concentration in subcutaneous tissue and in blood (4, 5) .
Intravascular systems have been shown to function safely in a limited number of diabetic dogs (16) .
Several enzymatic glucose sensors (2, (4) (5) (6) (7) (8) (9) that have been utilized with some success in the past for subcutaneous monitoring of glucose are compared in (17) . Suitably designed membranes can also screen out substances that may interfere with the electrochemical response (18, 19 Ethylene Oxide (EO) Sterilization. The sensors were sealed into gas sterilization pouches and were exposed to ethylene oxide gas for 12 h in a gas sterilizer (Millipore Corp., Bedford, MA). The sensors were left in the pouches until they were needed. In all cases, the sensors were allowed to degas for at least 48 h to get rid of the adsorbed EO before use. This procedure permits sterilization without loss of sensor performance. These results are described elsewhere (22) .
RESULTS AND DISCUSSION
Sensor Preparation. The CA membranes were formed by using a wet process. Dip-coated membranes were allowed to partially dry in air, after which they were submerged in water to permit displacement of residual solvent. The end product was a water-swollen membrane. The porosity of these membranes was controlled by their water content, which in turn was a function of the concentration of ethanol (nonsolvent pore former) in the casting solution containing CA and acetone (23, 24 (18, 25) .
One of the most crucial parts of the sensor fabrication is the design of the semipermeable outer membrane. The outer membrane, if properly selected, prevents degradation of the sensor in the biological environment and also decreases the glucose mass transfer relative to oxygen, leading to increased linearity and insensitivity to fluctuations in oxygen tension (26) (27) , and Nafion (28) . There is no general agreement on the optimal membrane material. PU was selected for the present work because of its good permeability to oxygen (29, 30) the in vitro evaluation of a sensor. For a two-electrode amperometric system, a variation in reference potential could cause a change in sensor output depending, of course, on the extent of the variation. There is a possibility that the potential of the reference electrode could change due to flow of current through it. The potentials of the Ag/AgCl electrodes were monitored during the operation of the sensor vs an external standard reference electrode. The variation in potential under normal operating conditions (4-600 mV, 37°C, 5.5 mM glucose) was found to be 3 ± 2 mV (n = 4) over a 12-h period. Considering the fact that the sensor output was almost independent of the applied potential over a wide potential range (Table IV) , it was reasonable to assume that such a small variation in the reference potential would not affect the sensor response. As a matter of fact, the drift in sensor output, expressed as a percentage change in the sensor output, to 5.5 mM glucose was found to be only 5 ± 2% (n = 4) over a 24-h period. The potential of the reference electrode was also found to be in¬ dependent of output current in the 0-15 mM range.
Operational and Storage Stability. The storage stability of these sensors was excellent. The polyurethane-coated sensors showed an increase in response (and a corresponding decrease in linearity) for the first few days following prepa¬ ration before reaching a stable value. This resulted from the swelling of PU membranes as the residual solvents were re¬ placed with water during the conditioning process, increasing their permeability to glucose. Figure 3 shows the results of two typical experiments taken from more than 20 sensors, 80% of which showed this behavior. The stabilization period was usually between 3 and 7 days. The buffer treatment is also an important step in removing the leachable toxic substances such as residual organic solvents and excess glutaraldehyde from a freshly prepared sensor, thus making the sensor non¬ toxic (22) .
In order to check the operational stability of the sensor, the sensor calibration was run daily over a 7-day period. Between each calibration, the sensor was stored in a fresh solution containing 5.5 mmol/L glucose at 37°C. No change in sensor response to glucose was observed during this period (Table  V) . Owing to the storage procedure employed, the enzyme was turning over continuously during the 7-day test. As no potential was applied during the storage period, there was no electrochemical depletion of hydrogen peroxide produced in the enzyme layer. The observed stability of the sensor re¬ sponse under these conditions is quite encouraging because hydrogen peroxide has been reported to denature immobilized glucose oxidase (34) . Both the linearity of the sensor and its response to hydrogen peroxide were also maintained ( 
